Google 



This is a digital copy of a book lhal w;ls preserved for general ions on library shelves before il was carefully scanned by Google as pari of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one thai was never subject 

to copy right or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often dillicull lo discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher lo a library and linally lo you. 

Usage guidelines 

Google is proud lo partner with libraries lo digili/e public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order lo keep providing this resource, we have taken steps to 
prevent abuse by commercial panics, including placing Icchnical restrictions on automated querying. 
We also ask that you: 

+ Make n on -commercial use of the files We designed Google Book Search for use by individuals, and we request thai you use these files for 
personal, non -commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort lo Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each lile is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use. remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is slill in copyright varies from country lo country, and we can'l offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through I lie lull lexl of 1 1 us book on I lie web 
al |_-.:. :.-.-:: / / books . qooqle . com/| 



%ibrar$ 

of toe 

'University of Wisconsin 



* ■• •■ r«*"7 p ' r 



*. V ' • 




f- ^> 



'f 



•A 



v r 



t ( • » 



i. , 






i ■' \ 



■■>■"'' '.-^: > 

"' ' i / .- :' 
■'■■; ? "■■'• v. . 



'■ " \ ., /- 






{ ' " •' \ ; 



\ i 



.'-■■■ J N 



t I 



'■> ..'.. ■■, 



•u 



;• V 



< . 



. r 



*-.■ \, 



SAF 




RIOHAED E^BUEL. 0. E. 



(REPRINTED FKOM THE "RAILROAD GAZETTE.") 



NEW YORK: 
D. VAN NOSTRAND, PUBLISHER, 

28 MuBBIT 1SJ1 »T WiBlM Strbbt. 

18 75. 



\tv* 6f s I y\$ 






INTRODUCTION. 



The writer, in presenting these remarks to 
engineers, does not pretend to offer much that 
is original, but has aimed to gather what is 
valuable from the great mass of material to be 
found in scientific periodicals and in publica- 
tions that are not generally accessible. An 
endeavor has been made to systematize the 
treatment of the subject, and to give such 
varied solutions of the problems that arise in 
proportioning the parts of safety-valves as to 
render them plain to those who have only an 
elementary education. The importance of 
having the general principles of safety-valves 
understood by those who are charged with the 
care of steam machinery cannot well be over- 
estimated. With a safety-valve that is in real- 
ity all which its name implies, a large propor- 
tion of the risks incident to the use of boilers 
will be avoided ; while on the other hand, a 
safety-valve that is only such in name is one of 
the readiest assistants to a disastrous boiler 
explosion. 

New York, August, 1875. 



SAFETY-VALVES. 



L The Requisite Qualifications of 
a Safety- Valve. 

As a safety-valve is designed to pre- 
vent the accumulation of pressure in a 
steam boiler beyond a certain point, it 
is necessary that the parts should be so 
proportioned that the valve will rise 
when 'the given pressure is attained. 
tJntil the valve rises it is subjected to 
the pressure of the steam at rest, so that 
this part of the subject involves the 
statical condition of a safety-valve. As 
soon as the pressure of the steam in a 
boiler lifts the valve, new conditions are 
introduced, because the steam is in mo- 
tion, escaping through the orifice be- 
tween the valve and the seat. It will 



thus be evident that from the time the 
valve is raised until it is again seated by 
the reduction of the steam pressure the 
dynamical conditions are to be regarded. 
A good safety-valve should be so con- 
structed that not only will it lift when 
the required pressure is attained, but so 
that it will also prevent the further in- 
crease of pressure, and will close prompt- 
ly as soon as that pressure is reduced. 

II. Proportioning the Parts of Safe- 
ty-Valves, IN ORDER THAT THEY 

may Rise with Given Pressures. 

This part of the subject, as already 
remarked, deals with the statical condi- 
tion of safety-valves. In other words, 
it is a question of the equilibrium of two 
forces acting in contrary directions— one, 
a weight or the tension of a spring, 
tending to hold the valve down; and 
the other, the pressure of the steam, 
tending to raise it. When these oppos- 
ing forces balance each other the valve 
is ready to lift, and any slight increment 



of pressure will raise it. It is, then, 
the conditions of the balancing or equi- 
librium of the steam pressure and the 
spring or weight that are to be consid- 
ered. In some forms of saf ety-valves, a 
spring or weight is placed directly above 
the valve, and resists the upward pres- 
sure of the steam ; or a weight is sus- 
pended directly under the valve, passing 
into the boiler. In other forms, the 
spring or weight is attached to a lever, 
to which the valve is also connected, the 
weight or spring being ordinarily at a 
greater distance from the fulcrum than 
the valve is. In the first form of con- 
struction, in which the steam pressure is 
opposed directly by the force of a weight 
or spring, without the intervention of a 
lever, these two forces will evidently 
balance when they are equal to each 
other. It is only necessary, therefore, to 
multiply the pressure of the steam in 
pounds per square inch by the area of 
the valve in square inches to find what 
weight must be attached, or what ten- 
sion put upon the spring, to prevent the 
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valve from rising before this pressure is 
reached. For example, suppose that a 
valve has a diameter of 4 inches, and is 
required to rise when the steam pressure 
is 100 pounds per square inch, what 
weight must be attached to it ? 

The area of a valve having a diameter 
of four inches is about. .12 9-16 square inches. 
Multiply by 100 

Weight to be attached to 
valve. 1,256J pounds. 

In the second case, where a lever is 
employed, it is evident that the forces 
will not balance if they are equal, since 
they act at different points of the lever. 
Fig. 1 is a sketch of an ordinary lever 




safety-valve, and the forces acting in a 
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case of this kind are represented graph- 
ically by arrows, the directions in which 
they point corresponding to the direc- 
tions in which the forces act. It will be 

seen that there are four forces : 

« 

1. The weight, represented by the ar- 
row W. 

2. The weight of the lever, represented 
by the arrow L. 

3. The weight of the valve and stem, 
represented by the arrow V. 

4. The pressure of the steam, repre- 
sented by the arrow P. 

The latter force, the pressure of the 
steam, is the pressure per square inch 
multiplied by the area of the valve in 
square inches. The lever is arranged so 
that it can turn about the point A as a 
fulcrum. The first three forces tend to 
keep the valve down, the fourth force 
tends to raise it, and all the forces act 
vertically. The lever arm of a force is 
the distance from the force to the ful- 
crum, measured on a line that is drawn 
perpendicular to the direction of the 
force. As these forces act vertically, 
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the lever arms must be measured on hori- 
zontal lines — and it will be seen that 
there are three lever arms to be consid- 
ered : 

1. The lever arm of the weight, repre- 
sented by to. 

2. The lever arm of the lever, repre- 
sented by I. 

3. The lever arm of the valve, repre- 
sented by p. 

The lever arms of these forces are the 
horizontal distances from the centers of 
gravity of the weight, lever, and valve, 
respectively, to the fulcrum. The cen- 
ters of gravity of the weight and valve 
are ordinarily in vertical lines passing 
through their centers, and the center of 
gravity of the lever is most readily de- 
termined by balancing it upon a knife 
edge, the center of gravity being on a 
vertical line passing through the point 
on which it balances. 

To recapitulate, there are eight quan- 
tities that may be varied, in proportion- 
ing a safety-valve, viz.: 

1. The weight. 
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2. The weight of the lever. 

3. The weight of the valve. 

4. The diameter of the valve. 

5. The lever arm of the weight, or its 
position on the lever. 

6. The lever arm of the lever, depend- 
ing upon its form. 

7. The lever arm of the valve. 

8. The pressure of the steam, in 
pounds per square inch. 

Any seven of these parts may be pro- 
portioned at pleasure, and the remaining 
one can be determined, the sole condi- 
tion being that the valve shall rise as 
soon as a given pressure is exceeded. 
Ordinarily, however, there are only two 
oases that require solution : 

1st. With what steam pressure will a given 
valve rise ? 2d. Where must the weight 
be placed on the lever of a given safety- 
valve in order that the valve may rise 
when a certain steam pressure is reached? 
These problems can be solved either by 
experiment or calculation. Both meth- 
ods will be explained. 
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A. — Experimental Method. 

Ascertain the weights of the ball, lever 
and valve, the diameter of the valve, the 
center of gravity of the lever, and the lev- 
er arms of the weight, lever and valve. 
The lever arms of the weight and valve 
can be measured directly, and the lever 
arm of the lever, or the horizontal distance 
from its center of gravity to the ful- 
crum, can be determined by balancing it 
upon a knife-edge, as already explained. 
In measuring the valve, if the seat is 
beveled and the valve fits well, the 
smallest diameter is to be taken. Then 
provide a bar, A B y Fig. 2, of uniform 
section, at least twice as long as the dis- 
tance from the weight to the fulcrum of 
the given valve. Mark the center-point, 
(7, of the lever, and points E, F, G 9 to 
the right of the center, such that the 
distance C Ei& the same as the horizon- 
tal distance of the center of the valve 
from the fulcrum, C F is the horizontal 
distance from the center of gravity of 
the lever to the fulcrum, and C G the 
horizontal distance from the center of 
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the weight to the fulcrum, if this is 
known. Also lay off to the left of the 
center a distance, C H, equal to C M, 
Balance the bar upon a knife-edge, 2>, 
and the apparatus will be ready for 
making the required determinations. 
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1st. To find with what steam pressure 
the valve will rise. — Hang on the ball at 
the point €r 9 the lever at F> and the 
valve at -EJ or attach equivalent weights, 
as may be most convenient. Then hang 
on weights at the point H> until they 
just balance the weights on the other 
side of the center, and bring the bar to 
a horizontal position. Ascertain the 
area of the valve in square inches, and 
divide the weight at H by this area. 
The result will be the required pressure 
of the steam, in pounds per square inch: 

2nd. To find where to place the weight 
on the lever of a given safety-valve, in 
order that the valve may rise with a given 
steam pressure. — Multiply the area of the 
valve in square inches by the pressure of 
the steam in pounds per square inch, and 
attach a weight at H equal to this pro- 
duct. Also hang on the valve and lever, 
or equivalent weights, at E and F, as 
before, and move the ball along the bar 
until it balances the other weights. The 
distance from C> of the point at which it 
balances will be the horizontal distance 
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from the fulcrum to the weight, on the 
lever of the given safety-valve. 

To facilitate the only calculation re- 
quired in this experimental method, the 
areas of valves are given below, for the 
majority of cases that occur in practice : 

Table of Areas cf Valves of Different Dtametre*. 



Diameter of Valve in 


Area of Valve in square 


inches. 


inches. 


i or 0.5 


18-64 or 0.19685 


| or 0.625 


5-16 or 0.80680 


} or 0.75 


7-16 or 0.44179 


i or 0.875 


19-32 or 0.60182 


1 


25-82 or 0.7854 


1± or 1.25 


, 1 15-64 or 1.2272 


1J or 1.5 


1 49-64 or 1.7671 


If or 1.75 


2 13-32 or 2.4053 


2 


3 9-64 or 3.1416 


24 or 2.5 


4 29-32 or 4.9087 


3 


7 1-16 or 7.0686 


3} or 3.5 


9 5-8 or 9.6211 


4 


12 9-16 or 12.5664 


4£ or 4.5 


15 29-32 or 15.9043 


5 


19 41-64 or 19.635 


5i or 5.5 


23 49-64 or 23.7588 


6 


28 9-32 or 28.2744 
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The method here described is exceed- 
ingly simple and accurate, and will, it is 
hoped, find favor with those who have 
difficulty in using the ordinary modes of 
calculation. It is not uncommon for the 
graduations on many safety-valves to be 
wrongly marked, and it is important for 
steam users to know certainly whether 
or not they are correct. 

A simple experimental test of the ac- 
curacy of the adjustment of a safety- 
valve may be made without removing it 
from its position on the boiler. The 
method is described below, the account 
being taken from an article by the 
writer published in the Scientific Ameri- 
can for Oct. 31, 1874. 

" Secure the valve stem of the safety- 
valve to the lever with wire or string, 
and attach a loop to the lever, into 
which pass the hook of an accurate 
spring balance, arranging the loop so 
that it is directly over the center of the 
valve stem. Then take hold of the up- 
per part of the spring balance and lift 
the valve slightly, noting the reading of 
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the balance. Measure the lower diame- 
ter of the safety-valve, and find its 
area ; divide the reading of the spring 
balance by the area of the valve, and 
the result will be the pressure, in pounds 
per square inch, at which the steam will 
raise the safety-valve. Suppose, for in- 
stance, that the diameter of the safety- 
valve is 1 inch ; its area will be about 
^fift>V of an inch. Now, if the tension of 
the spring balance in raising the valve is 
120 pounds, the pressure at which the 
valve will rise is the quotient arising 
from dividing 120 by i Wo %» or 153 pounds 
per square inch." 

B. — Graphical Method. 

The statical problems in connection 
with safety-valves can also be solved 
graphically or by construction. A force 
can be represented in intensity and di- 
rection by a straight line, by assuming 
some unit of length for the unit of in- 
tensity. For instance, if the force is 5 
pounds, it may be represented by a line 
£ of an inch in length. To simplify the 
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graphical solution, the several construc- 
tions upon which it depends will be pre- 
sented separately. 

1. Two or more parallel forces, acting 
in the same direction on a lever, being 
given, to find the direction, intensity, and 
point of application of a single force 
which can replace them and produce the 
same effect. 

In Fig. 3, the lever, A B, is acted 
upon by two parallel forces, C D, and 
E F. Lay off horizontally to the right 
of E, and the left of C, any two distances, 
Ea, Cb, equal to each other. From a 
draw a c parallel to E F, and from F 
draw Fc parallel to Ea, forming a rect- 
angle, E a F c, on the two adjacent 
sides, Ea, E F. Also complete the 
rectangle, C b d D, of which Cb, CD, 
are the adjacent sides. Through the 
points C and E draw diagonals, d C, cE, 
to the two rectangles, and produce them 
until they meet in the point, e. Through 
e draw a line, e H, parallel to C D and 
EF, and the point 0, in which it cuts 
the lower line of the lever, will be the 
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point of application of a force which will 
singly produce the same effect as the 
two forces, CD, EF» Make H equal 
to the sum of CD, and E F, and it will 
represent the intensity of the required 
force, which is called the resultant of 
the other two forces. 

If there are three forces to be re- 
placed by a single one, after finding the 
force that is equivalent to two of them, 
consider this and the third force as two 
single forces, and proceed as before. In 
this way any number of parallel forces 
acting in the same direction can be re- 
placed by their resultant, which is a 
single force, equivalent in effect to all 
the others. 
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2. 7%e intensity and point of applica- 
tion of a vertical force acting on a lever 
being given, also the position of the ful- 
crum, to find the intensity of a parallel 
force, acting at a given point of the lever, 
which will balance the first force. 

D E, Fig. 4, is the given force, C the 
fulcrum, and F the point at which the 
required force must act and balance D E. 
Draw a vertical line, Oe, from the ful- 
crum. Lay off, to the right of D and 
the left of -Fj any two distances, D a, 
Fb, equal to each other. Complete the 
rectangle, D a cE, and draw a vertical 
line, b d, from the point b. Through D, 
draw a diagonal to the rectangle D a cE, 
and produce it until it meets the vertical 
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line through the fulcrum in the point e. 
From e, draw a line through F, the 
point of application of the required 
force, continuing it until it meets the 
vertical line drawn from b in the point d. 
Complete the rectangle of which bF, 
b d, are the adjacent sides, and F G will 
be the force required to balance D E. 




3. The intensity and point of applica- 
tion of one vertical force, the intensity of 
a second parallel force, and the position 
of the fulcrum, being given, to find the 
point of application of the second force, 
in order that it may balance the first one. 

F G, Fig. 5, is the force whose intens- 
ity and point of application are given. 
G is the fulcrum, and a J is the intensity 
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of the second force. Draw a vertical 
line, Ce, from the fulcrum. Lay off 
from F, toward* the left, any distance, 
Fc y and complete the rectangle Fc dO» 
Through F draw a diagonal to the rect- 
angle, continuing it to e 9 where it meets 
the vertical line drawn from the ful- 
crum. In any convenient place, lay off 
a horizontal line, fg, equal to Fc, and 
from the point g draw the perpendicular 
g A, equal to a b. Through the points/ 
and A, draw the line /A, and from e draw 
a line, eD, parallel to /A. The point 
D> in which the line last drawn meets 
the lower side of the lever, is the point 
of application of the second force ; and 
D E y equal to a #, represents that force 
applied at such a point as to balance 
FG. 

By the application of the graphical 
methods just explained, it will be easy to 
solve the problems previously determined 
by experiment. 

1st. . To find with what steam pressure 
a safety valve wiU rise. — On the lever A 
B 9 Fig. 6, mark the fulcrum C. To the 




right of Clay off the distance CD, C G, 
C I 9 equal to the lever arms of the valve, 
the lever and the weight respectively ; 
and to the left of C lay off the distance 
C i, equal to C D. Also draw verti- 
cal lines, D F y G H y I K> to represent 
the weights of the valve, lever and ball. 
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Find by construction a single force, P 
H 9 which can replace these three forces 
and produce the same effect. This is 
done by replacing G H and I K by a 
single force, N 0, and then finding a 
force, P H, which is equivalent to N 
and D F. Then construct the force L 
M, which acts at the point L and 
balances P H, or the three forces, D F, 
G H r 1 K. L M represents the total 
pressure on the valve in pounds, and this, 
being divided by the area of the valve in 
square inches, will give the pressure of 
the steam, in pounds per square inch, at 
which the valve will rise. 

2nd. To find where to place the weight 
on the lever of a given safety-vdl/ve y in or- 
der that the valve may rise with a given 
steam pressure. — In Fig. 7, L M repre- 
sents the required pressure in pounds per 
square inch multiplied by the area of the 
valve in square inches, D E is the weight 
of the valve, G H. \% the weight of the 
lever, and a b is the weight of the ball? 
the points of application of all the 
weights, except that of the ball, being 
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given. Replace J) J 7 and G -ZiTby a sin- 
gle force, P H, which will produce the 
same effect, and find L ty a force acting 
at Z, and balancing P M. Subtracting 
L N from the whole force L M, there 
remains L 0> which must be balanced 
by the weight of the ball a b. Then, by 
the third construction, previously given, 
find the point I at which the ball must 
be placed in or<Jer to balance Z O. 
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In the use of the graphical method 
for testing the accuracy for proportion- 
ing the parts of safety-valves, the scale 
on which the construction is made should 
be as large as possible, in order that ap- 
parently trivial errors on a drawing may 
not be magnified greatly in the practical 
applications. 

C. — Analytical Method. 

The mode of calculating the parts 
of safety-valves from given or ob- 
served data will now be presented* 
And first it may be well to say some- 
thing in regard to the means of as- 
certaining the weights of the various 
parts, and the position of the center of 
gravity of the lever. The most obvious 
method of determining the weight of any 
thing is to weigh it, and the center of 
gravity of a lever is most readily found 
by balancing a lever upon a knife-edge. 
It is not always convenient, however, to 
make these experiments. Sometimes no 
facilities for weighing the parts are at 
hand, and in certain cases it may be nee- 
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essary to make the calculations from such 
data as can be obtained from a drawing. 
When the parts can be removed, their 
weights can be determined approxi- 
mately by experiment. Immerse each 
part in water, using a shallow vessel, and 
mark how much the water rises, which 
will give, by a simple calculation, the 
volume of the part in cubic inches. 
Having ascertained the number of cubic 
inches in a part, the weight can be ob- 
tained by multiplying this number 

By 0.2778, if the part is of wrought iron. 
By 0.2604, " " " cast iron. 
By 0.2917, " " " brass. 

The weights so found will generally be 
only approximate, but will be tolerably 
accurate, if the experiment is carefully 
performed. 

When only the dimensions of the parts 
are given, their volumes must be deter- 
mined by calculation. The valve and 
weight will ordinarily present no diffi- 
culties, as they have forms for which 
rules are given in most works on mensu- 
ration, and their centers of gravity usu- 
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ally coincide with their geometrical cen- 
ters. -Having found their volumes in 
cubic inches, their weights* can be ob- 
tained by multiplying these volumes by 
the weight of a cubic inch of the mate- 
rial as given above. The lever, not un- 
frequently, is quite irregular in form, and 
the center of gravity is scarcely ever in 
the middle of the bar. Whatever its 
shape, however, its volume can be found 
with great accuracy by the method to be 
explained. Make a drawing of the lever 
in plan and elevation, as shown in Fig. 
8, CD being the plan, and E F the el- 
evation, the form of the lever being 
much more irregular than is usual in 
practice. To determine the volume of 
this lever in cubic inches, it will be nec- 
essary to find the area of one face, as, 
for instance, the elevation and the mean 
width of the other. In finding the mean 
width, the area of the face represented 
on the plan will first be calculated, and 
then divided by the length. To calcu- 
late the area of either of these faces, di- 
vide it into any even number of parts, 
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by equi-distant lines drawn perpendicu- 
lar to any line, assumed as may be most 
convenient. Thus, in Fig. 8, the eleva- 
tion is so irregular that a straight line 
would not lie wholly within it, and A B 
is drawn without, and the elevation is 
divided into 20 parts, by equi-distant 
lines perpendicular to A B. In the plan, 
the line C D is within the figure, and 
the same number of equi-distant lines 
are drawn, perpendicular to O D. These 
perpendicular lines are called ordinatee, 
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and it will be observed that as the num- 
ber of divisions of a face is even, the 
number of ordinates is uneven. Num- 
ber the ordinates from first to last, 1, 2, 
3, 4, etc., and measure their lengths, 
either between the boundaries of the 
faces or between the boundary on one 
side, and the straight line, which is called 
the base. Then the area of a face, or 
the area between the base and the bound- 
ary on one side (according to the man- 
ner in which the ordinates are measured), 
can be found by the following rule : 

Add together the first and last ordi- 
nates, four times the sum of the even 
numbered intermediate ordinates, twice 
the sum of the odd numbered ordinates, 
and multiply the sum so obtained by one- 
third of the distance between any two 
consecutive ordinates. 

In Fig. 8, the lever is supposed to be 
20 inches long, and the distance between 
ordinates is one inch, so that there are 
20 divisions, and 21 ordinates. This ex- 
ample is merely for the sake of illustra- 
tion. Where great accuracy is required, 
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the ordinates should be taken much 
closer together. The lengths of the or- 
dinates are shown on the drawing, the 
dimensions being in inches. The diam- 
eter of the hole in the lever is 9-10 of an 
inch. To find the area of the elevation, 
the area included between the base A B 
and the boundary of the figure nearest 
to it will be calculated and subtracted 
from the whole area between the base 
and the outside boundary. The follow 
ing are the calculations : 

ABBA BETWEEN BASE AND NEABEST BOUNDARY. 

Extreme Even-numbered Odd-numbered 

ordinates. ordinates. ordinates. 

1 3.46 3 1.74 3 1.41 

31 5.40 4 1.68 5 3.04 

6 3.25 7 3.53 

8.85 8 2.90 9... ...3.45 

10 4.10 11 4.84 

12 5.56 13 6.84 

14 7.04 15 7.67 

16.. 8.12 17 8.40 

18 8.48 19 8.33 



20 7.72 

49.59 



44.99 
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Sum of even-numbered ordinates 49.59 

Multiply by 4 

198.36 

Sum of odd-numbered ordinates 44.99 

Multiplyby 2 

89.98 

Add \ m *« 

I 8.85 

297.19 
Multiply by £ 



• 



Area between base and nearest boundary 

(square inches) 99.06 

ABBA BETWEEN BASE AND OUTSIDE BOUNDABY. 

Extreme Even-numbered Odd-numbered 

ordinates. ordinates. ordinates. 

1 3.45 2 5.13 8 5.44 

21 7.23 4 5.12 5 4.75 

6 4.76 7 4.91 

10.68 8 5.15 9 5.50 

10 5.91 11 6.41 

12 6.92 13 7.48 

14 8.01 15 8.44 

16 8.89 17 9.05 

18 ,9.14 19 8.94 

20 8.77 

60.92 

67.80 
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67.80 60.92 

4 2 



271.20 121.84 

271.20 
10.68 



403.72 
i 



Area between base and outer boundary 

(square inches) 134.57 

Subtract 99. 06 



Area of elevation of lever, square inches 35.51 

ABEA OF PLAN OF LEVER. 



1... 


. . ..2.00 


2... 
4... 


. ...2.00 


21 ... 


...1.00 


2.00 






6... 


1.82 




3.00 


8... 


2.11 






10,.. 


2.30 






12. . . , 


2.43 






14. . . 


2.52 






16... 


2.45 






18... 


...2.15 






20... 


1.44 

21.22 
4 



3.... 


2.00 


5..., 


1.70 


7.... 


1.97 


9.... 


2.23 


11..., 


2.40 


13... 
15. . . . 


, .2.45 
2.50 


17 


,....2.82 


19 


1.83 




19.40 
2 



38.80 
84.88 84.88 
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3.00 

126.68 
* 

Area of plan of lever, in square inches. . 42.23 
Divide by length of lever 20)42.23 

Average width of plan 2.11 

Multiply by area of elevation. ./..... 35.51 

Volume of lever in cubic inches.* .... 74.9261 
Deduct volume of hole 1.2723 

73.6538 
Multiply by weight of a cubic inch of 

iron 0.2778 

Weight of lever in pounds 20.47 

This method of finding the area of an 
irregular figure is very useful in many 
cases that arise in practice. It will be 
a good plan for the reader to calculate 
the weight of a lever in the manner here 
explained, and oompare it with the 
weight as ascertained by trial. 

The positi6n of the center of gravity 
of any lever can also be found by calcu- 
lation, and the manner of doing it will 
now be explained. It may be well to 
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give, in the first place, a few definitions 
and illustrations. 

The resultant of two or more forces is 
a single force, whose action is equal to 
the combined effect of the several forces 
which are called components. 

The moment of a force with reference 
to any point is the product arising from 
multiplying the intensity of the force by 
the distance of the point from the force 
measured in a straight line drawn from 
the point perpendicular to the direction 
of the force. This distance is called the 
arm of the force. 

When any number of forces act in the 
same plane, the moment of the resultant 
is equal to the sum of the moments of 
those forces which tend to turn a body in 
the same direction that the resultant 
does, diminished by the sum of the mo- 
ments of those forces that tend to turn a 
body in the opposite direction. This is 
generally more concisely expressed by 
saying that the moment of the resultant is 
equal to the algebraic sum of the moments 
of the components. In Fig. 9 an illustra- 
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Pg9 



tion of this principle is given. Four 
forces in the same plane, represented by 
the darts a, ft, c, d, are acting at the 
points B, C, D y E of a body which is se- 
cured so that it can only turn around 
the point A y and r is a single force which 
will produce the same effect as these 
four forces, or it is the resultant of a, b, 
c, d. The perpendicular lines drawn 
from the point A to the directions of the 
several forces represent the arms of these 
forces. An inspection of the figure will 
show that the forces a, ft, tend to turn 
the body in the same direction that the 
resultant does, while the forces c, d f tend 
to turn it in the opposite direction. The 
analytical statement of the principle 
given above will, then, be : 
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rxAL = axAGxbxAK 

— (c xAH+dxAI) 
From this equation it appears that if 
all but one of the parts in any example 
of this kind are known, the other can 
readily be ascertained. Suppose, for in- 
stance, that the intensities of all the 
forces are known, and all the arms, ex- 
cept that of the resultant, as follows : 

a = 108 pounds A G = 75 inches. 
b = \U " AK = 170 " 
c = 72 " AH- 65 " 
<f = 81 4t AI= 75 " 
r = 150 

From these values the following equa- 
tion can be formed : 

150x-4Z= 8,100+19,380^4,68<H-6075) 

=27,480—10,755 
=16,725 
and ^1X=16,725 + 150 
=111} inches. 

The lever of a safety-valve is acted 
upon at every point by a force which is 
the weight of the particle at that point, 
and the resultant of all these forces is 
their sum, or the weight of the whole 
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lever, and the point at which it acts is 
the center of gravity of the lever. This 
point, then, can be found with sufficient 
accuracy, by supposing that the lever is 
divided up into such small parts that 
the center of gravity of each can be es- 
timated at its geometrical center, with- 
out serious error, and its weight calcu- 
lated as if its faces were trapezoids — so 
that an equation can be formed with the 
movements of these forces. In Fig. 8 
the lever is divided into 20 parts, and the 
weight of each is calculated, being shown 
by the darts on the elevation. 

The moments of the force are referred 
to the point B, and the calculation by 
which the center of gravity is found, is 
given below : 

MOMENT OF WEIGHT OF PABT. 

1— 2,-0.98 x 0.5 = 0.49 

2— 3,-1.95 x 1.5 = 2.93 

3— 4,-2.09 x 2.5 = 5.22 

4— 5,-1.63 x 3.5 = 5.71 

5— 6,-1.33 x 4.5 = 5.98 

6— 7,-1.34 x 5.5 = 7.37 

7— 8,-1.36 x 6.5 = 8.84 

8— 9,-1.35 x 7.5 = 10.13 
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9—10,-1.27 x 8.5 = 


10.79 


10—11,-1.14 x 9.5 = 


10.83 


11-12,-1.03 x 10.5 = 


10.82 


12—13,-0.87 x 11.5 = 


10.00 


13—14,-0.76 x 12.5 = 


9.50 


14^-15,-0.63 x 13.5 = 


8.51 


15—16,-0.55 x 14.5 = 


7.97 


16-;17,— 0.49 x 15.5 = 


7.60 


17—18,-0.43 x 16.5 = 


7.09 


18—19,-0.36 x 17.5 = 


6.30 


19—20,-0.40 x 18.5 = 


7.40 


20—21,-0.51 x 19.5 = 


9.95 



153.43 

Calling 12 Hike distance from the end 
of the lever to th§ center of gravity, and 
recollecting that the resultant is equal 
to the weight of the lever, 

20.47 x Bff= 153.43: 
Whence, E H= 7i inches. 

This mode of determining the center 
of gravity of a lever is quite tedious, 
if the parts are taken small enough 
to secure great accuracy, but it is use- 
ful in case the plan by trial is impossi- 
ble. 

The condition that a safety-valve shall 
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rise at a given pressure of steam requires, 
as has already been stated, that the 
forces tending to hold the valve down 
flhall be just balanced by the tendency of 
the opposing forces to raise it. In Fig. 
1 there are three forces holding the valve 
down, the weight of the ball, W y the 
weight of the lever, Z, and the weight 
of the valve V, and these must be bal- 
anced by the pressure of the steam, P. 
When any number of forces balance 
each other, the sum of the moments of 
the forces which act in one direction is 
equal to the sum of the moments of the 
forces which act in the other direction. 
Hence the following equation will rep- 
resent the action of the forces when the 
valve is just balanced : 

JPXp= Wxw + Zxi+ Vxp. 

If any seven of the quantities in this 
equation are known, the other can be de- 
termined. The equation can, however* 
be changed a little, so as to be more gen- 
erally useful : 
Let 8= pressure of steam in pounds per 
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square inch, D = diameter of valve in 
inches ; then, 

P = 0.7854 Xl? % X$, 
and the equation becomes : 

0.7854 XJD*X Sxp 
= FXw + Xx/f VXp- 

For the ordinary cases that arise in prac- 
tice the equation will take the following 
forms ; 

1st. To find the pressure per square 
inch at which a given valve will open : 

Wx w + Lx C + Vxp 

S= 

0.7854 X &* Xp 

2d. To find where to place the weight on 
a given safety valve, so that it shall open 
at a given pressure per square inch : 

0.7854 X^ xSXp-Lxl-VXp 
W= 

w 

3d. To find what diameter a safety 
valve must have, all the other parts being 
known, to open at a given steam pressure : 
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J f ~WXw+Zxl+ VXp \ 
J} " y " 0.7854 xSXp f 

As many who are familiar with arith- 
metic, but do not understand algebraic 
expressions, may like to use these rules, 
they are translated below : 

1st. To find the pressure per square 
inch at which a given valve will Spen. 

Measure the following distances hori- 
zontally from the fulcrum to : 

1. The center of the valve stem. 

2. The center of the weight. 

3. The center of gravity of the lever, 
or the point on which it will balance if 
placed upon a knife-edge. 

Measure the diameter of the valve, 
and determine its area, either by a table 
or by multiplying the square of the di- 
ameter by 0.7854. 

Find the weight of : 

1. The valve. 

2. The lever. 

3. The ball. 
Multiply — 

(1). The weight of the ball by its 
horizontal distance from the fulcrum. 
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(2). The weight of the lever by its 
horizontal distance from the fulcrum. 

(3). The weight of the valve by its 
horizontal distance from the fulcrum. 

(4). The area of the valve by its hori- 
zontal distance from the fulcrum. 

Add together the first three products 
and divide the sum by the fourth pro- 
duct. 

Example. — A given safety-valve has 
a weight of 50 pounds 24 inches from 
the fulcrum, the lever weighs 6 pounds, 
and its center of gravity is 15 inches 
from the fulcrum ; the weight of the 
valve is 2 pounds, and its center is 4 
inches from the fulcrum. The diameter 
of the valve is 2 inches. At what press- 
ure will the valve begin to rise ? 

Square of diameter 4 

Multiply by 0.7864 

Area of valve in square inches . . .3 1416 

(1). 50 times 24 is 1,200 

(2). 6 " 15 " 90 

(3). 2 " 4" 8 

(4.) 3.1416° 4" 12.5664 

The sum of (1), (2) and (3) is 1,2 98, 



44 

which divided by 12.5664 (the fourth 
product) is 103.03, the pressure in 
pounds per square inch at which the 
valve will open. 

2. To find where to place the weight 
on a safety-valve, so that it shall open at 
a given pressure of steam: 
Multiply — 

(1). The weight of the lever by the 
horizontal distance of its center of grav- 
ity from the fulcrum. 

(2). The weight of the valve by its 
horizontal distance from the fulcrum. 

(3). The area of the valve by the press- 
ure of steam in pounds per square inch, 
and by the horizontal distance of the 
valve from the fulcrum. 

Add together the first two products, 
subtract their sum from the third pro- 
duct, and divide the difference by the 
weight of the ball. 

Example — The ball of a safety-valve 
weighs 100 pounds, the lever weighs 10 
pounds, the valve weighs 2 pounds and 
has a diameter of 3 inches. The dis- 
tance of the center of gravity of the lever 
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from the fulcrum is 25 inches, and the 
distance of the center of the valve from 
the fulcrum is 5 inches. How far from 
the fulcrum must the valve be placed, in 
order that the lever may open at a press- 
ure of 100 pounds ? 

Area of valve 7.07 square inches. 

(1). 10 times 25 is 250 

(2). 2 " 5" 10 

(8). 7.07 " 100 " 707 

707 " 5" 3,635 

Adding together products (1) and (2) 
we have as their sum 260 ; subtracting 
this from 3,535, the third product, we 
have 3,275. Dividing this difference by 
100, the weight of the ball, we have 
32.75, or 32f inches as the distance from 
fulcrum to ball. 

3d. To find what diameter a safety- 
valve must have, the other parts being 
known, to open at a given steam pressure: 

Multiply, 

(1). The weight of the ball by its hori- 
zontal distance from the fulcrum. 

(2). The weight of the lever by the 
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horizontal distance of its center of grav- 
ity from the fulcrum. 

(3). The weight of the valve by the 
horizontal distance of its center from the 
fulcrum. 

(4). The pressure of steam in pounds 
per square inch by the horizontal dis- 
tance of the valve from the fulcrum, and 
by the number 0.7854. 

Add together the first three products, 
divide their sum by the fourth product, 
and take the square root of the quotient. 

Example. — Weight of ball, 60 pounds; 
lever, 7 pounds ; valve, 3 pounds. Dis- 
tances from fulcrum : ball, 30 inches ; 
center of gravity of lever, 16 inches ; 
center of valve, 3 inches. Pressure of 
steam, 70 pounds per square inch. What 
should be the diameter of the valve ? 

(1). 60 times 80 is 1,800 

(2). 7 " 16 " 112 

(8). 3 " 3 " 9 

(4). 70 " 3 " $10 

210 " 0.7854 " ....164.934 

The sum of the first three products 
(1,800, 112 and 9) is 1,921. Dividing 
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this sum by 164.934 (the fourth product), 
we have 1 1.647 inches. The square 
root of this number is 3.41 + inches, which 
by the rule is the required diameter of 
the valve. 

Instead of weights, springs are some- 
times employed to hold down safety- 
valves. The calculations involving mere- 
ly the condition that the valve shall 
open at a given pressure, are the same 
as th6se previously employed, except 
that the tension of the spring is to be 
substituted for the weight of the ball, 
this tension being first determined by 
experiment. Having ascertained the di- 
mensions of a spring most suitable for a 
given case, it is easy to calculate the 
dimensions of a spring for any other case. 
Knowing, for instance, the cross-section 
of a spring adapted to one pressure on 
the valve, make a proportion, thus : 



Cross 


Cross sec- 


Pressure 


Pressure 


section of 


. tion of 


on 


on 


given 


• required 


* * first 


* second 


spring. 


spring. 


valve. 


valve. 



The pitch of the second spring, or the 
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distance from the center of one coil to 
the center of the next, is found by the 
following proportion : 







r Side of a - 




r Side of a 


Pitch 


Pitch 


square 




square 


of . 


of 

• 


J equal 


• 


equal 


given* 


required" 


" j in area to 
section of 
Ifirst spring. 


*• * 


in area to 


spring 


spring. 




section of 








.2d spring 



Example. — It is a common practice in 
proportioning the parts of direct-loaded 
spring safety-yalves to use a spring of 
the following dimensions : for 'a valve 3 
inches in diameter and 100 pounds steam 
pressure, a spring made of square steel, 
having a cross section of i of a square 
inch, and a pitch of one inch, the side of 
a square equal in area to the cross sec- 
tion being, of course, £ inch. What 
should be the proportions of a similar 
spring for a valve 5 inches in diameter, 
and a steam pressure of 50 pounds per 
square inch? 

Area of first valve 7.07 in. 

Multiply by steam pressure 100 



Total pressure on first valve. . . 707 



49 

Area of second valve 19. 64 in. 

Multiply by steam pressure 50 

Total pressure on second valve. 982 

To find cross section of required 
spring : 

and by the rule for proportion, the pro- 
duct of the two extremes (245.5), divided 
by the third term (707), will give the 
second term. Now 245.5 divided by 707 
is 0.34724 in., equals cross section of sec- 
ond spring. The square root of 0.32724 
is 0.589 +, and this is the side of a square 
equal in area to cross section of second 
spring. 

To find pitch of second spring : 

1 •• securing ■ • °- 5 •• O' 689 - 

Here we solve the problem by multiply- 
ing 1 by 0.589 and dividing the product 
by 0.5, which gives 1.178 inches for the 
pitch of second spring. 
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III. Proper Diameter for a Safety- 
Valve. 

There are seven rules, commonly 
quoted by different authorities, for^ de- 
termining the area of a safety-valve. 
They are given below, with an example 
to illustrate their use : 

Let 

(?= square feet of grate surface in 
boiler. 

1Z== square feet of heating surface in 
boiler. 

G= pounds of coal burned per hour. 

W= " " water evaporated per 
hour. 

P=pressure of steam, as shown by 
gauge. 

.4= area of safety-valve in square 
incnes. 

When the area is known, the diameter 
of the valve can be found by dividing 
the area by the number 0.7854, and ex- 
tracting the square root of the quotient. 

1. United States Bide. — Allow one 
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square inch of area in the valve for 25 

square feet of heating surface in the 

boiler, or 

H 

A= 

25 

2. English Rule.^-'For boilers with 
natural draft, allow half a square inch 
of area in the valve for each square foot 
of grate surface, or 

G 

A= 

2 

3. French JRule. — 1. Multiply the grate 
surface by the number 22.5. 

2. Add the number 8.62 to the steam 
pressure. 

3. Divide the first quantity by the sec- 
ond. The quotient will be the area of 
valve, or 

0X22.5 

A= 

P + 8.62 

4. MoleswortWs Bule. — Allow a valve 
area of eight-tenths of an inch for each 
square foot of grate surface, or 
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A=Gx0.8. 

5. Professor Thurston's First Rule. — 
1. Multiply the pounds of coal burned 
per hour by the number 4. 

2. Add the number 10 to the steam 
pressure. 

Divide the first quantity by the sec- 
ond, or 

4 6 Y 

A= 

P + 10 

6. Professor Thurston's Second Mule. 
— 1. Multiply the heating surface by the 
number 5. 

2. Add the number 10 to the steam 
pressure, and multiply the sum by the 
number 2. 

Divide the first quantity by the sec- 
ond, or, 

bH 
A= 



2CP+20) 

1. Professor Rankings Rule. — Allow 
a valve area of six-thousandths of an 
inch for each pound of water evaporated 
per hour, or, 

^L=0.006 W 



53 

In many cases these rules give widely 
different results, as will be illustrated by 
their application to an example. 

It is required to find the area of a 
safety-valve for a boiler having 15 square 
feet of grate surface, 472.5 square feet 
of heating surface, carrying 40 pounds 
of steam, burning 210 pounds of coal, 
and evaporating 1,470 pounds of water 
per hour. 

1. United States Rule: 

472.5+25=18.9 square inches = area required. 

2. English Rule : 

15-»-2=7.5 square inches=area required. 

3. French Rule: 

40+8.62=48.62. 

15x22.5=337.5. 

337.5-*-48.62=6.94 square inches— area required 

4. Mbksworth's Rule : 
15x0.8—12 square inches—area required. 

5. Professor Thurstorts First Rule : 
40+10=50. 

210x4=840. 

840-*-50=16.8 square inches— area required. 

6. Professor ThurstovCs Second Rule : 

40+10^-50. 
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60x3—100. 
472.5x5—2,362.5. 
2,362.5+100=23.63 sq. inches— area required. 

1 .^Professor Rankings Rule : 
1 ,470 x 0. 006 in. —8. 82 sq. inehes— area required 

It is not remarkable that these rules 
should give such varying results, when 
it is remembered that the performance 
of different boilers of precisely the same 
dimensions variea greatly. A safety- 
valve should have such proportions that 
it can permit all the steam to escape 
that a boiler can generate when forced 
to the utmost extent. Hence its area 
depends upon : 

1. The amount of steam to be dis- 
charged in a given time. 

2. The lift of the valve. 

3. The velocity with which the steam 
escapes. 

There is such a difference in the 
amount of coal burned per square foot 
of grate per hour in different boilers, 
and the amount of water evaporated per 
pound of coal, that it would seem im- 
possible to use the same .constants in a 
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formula for all cases. It is believed, 
however, that the following estimates 
give a most liberal allowance on the side 
of safety : 

Pounds of coal Pounds of 
burned per water 

square foot evaporated 
of grate per per pound 
hour. of coal. 

Stationary and marine boil- ) *~ Q 

era with natural draft. . . . ) 
Stationary and marine boil- ) qq » 

era with forced draft. . . . ) 
Locomotive boilers 100 6 

On these assumptions, the pounds of 
water evaporated, and consequently the 
weight of steam that the safety-valve 
would have to release per hour for each 
square foot of grate surface would be: 

For stationary and marine boilers with 
natural draft 135 

For stationary and marine boilers with 
forced draft 210 

For locomotive boilers 600 

These figures, as has been stated, rep- 
resent much better than average per- 
formance, and can readily be modified to 
suit any particular case. Of course, in 
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constructing a formula for general use, 
in the absence of precise data, and in 
view of the varying results obtained 
from boilers of the same kind, the esti- 
mate should be taken high enough to in- 
clude all cases. 

One element of the proposed formula 
for the diameter of a safety-valve for 
any given boiler, then, will be the num- 
ber of square feet of grate surface in the 
boiler, multiplied by a constant. 

The amount of opening afforded by a 
safety-valve for the escape of steam de- 
pends not only on its diameter, but also 
on the distance that the valve lifts. In 
order that the area for escape shall be 
equal to the area of the valve, it is neces- 
sary that the lift should be one-quarter 
of the diameter of the valve. 

A valve without bevel, Fig. 10, evi- 




Fig 10 
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dently gives an opening, when raised, 
equal to the surface of a cylinder having 
the same diameter, a b, as that of the 
valve, and a height equal to the lift, c b. 
Hence the rule for finding the opening of 
aflat valve, due to a given lift, wiU be as 
follows: multiply the diameter of the 
valve by the lift, and by the number 
3.1416. 

Example. — A flat valve 3 inches in 
diameter lifts 1-16 of an inch. What is 
the area of the opening ? 

Lift 0.0625 

Multiply by 3.1416 

0.196+ 
Multiply by 3 

Area of opening in square inches. . . . 0.589+ 

If the valve has a bevel, as shown in 
Fig. 11, until it lifts clear of the seat the 
opening will be equal to the surface of 
the frustum of a cone, of which the 
diameter, a b, of the upper base is the 
same as that of the valve, the slant 
height, b e, is the perpendicular distance 
between the lower edge of the valve and 



the seat, and the diameter of the lower 
base, / e, is the diameter of the seat, 
measured at the intersection of perpen- 
diculars be, af, from opposite points of 
the lower edge of the valve to the seat. 
The bevel or inclination of the valve is 
the angle- of inclination to a vertical line, 
fc a, or e d b. 

To find the amount of opening afforded 
by a valve with beveled seat for any lift 
less than the depth of the seat. 

(1 ). Multiply the diameter of the valve 
by the lift, by the sine of the angle of 
inclination, and by the number 3.1416. 

(2). Multiply the square of the lift by 
the square of the sine of the angle of in- 
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clination, by the cosine of this angle, and 
by the number 3.1416. 

Add these two products. 

Example. — The diameter of a safety- 
valve is 2£ inches, the seat is f of an 
inch deep, and has a bevel of 25 degrees. 
What is the area of opening, for a lift of 
i of an inch? 

Sine of 25° 0. 423 

Multiply by lift 0.25 

0.106— 
Multiply by 3.1416 

0.333 
Multiply by diameter of valve 2.5 

1st Product 0. 83+ 

Square of sine of 25° 0.179 

Multiply by cosine of 25° 0.906— 

0.162+ 
Multiply by square of lift 0.0625 

0.0101+ 

Multiply by 3.1416 

2d product 0. 03+ 

Add 1st product 0.83+ 

Area of opening in square inches 0.86+ 
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It often happens that the depth of the 
bevel is very slight, so that the valve 
lifts clear of the seat. In such a case 
the opening must be computed for a 
beveled valve with a lift equal to the 
depth of the seat, and for a flat valve 
with the remainder of the lift. 

Example. — The diameter of a valve is 
4 inches, the bevel is 35°, and the depth 
of seat i of an inch. What is the area 
of opening for a lift of f of an inch ? 

First calculate the the area of opening 

for a beveled valve, with a lift of J inch, 

the depth of the seat. 

Sine of 86° 0.5746 

Multiply by 8.1416 

1.8 
Multiply by lift 0.36 

0.46 
Multiply by diameter of valve. ........ 4 

First product. . .* 1.80 

Square of sine of 85° 0.829 

Multiply by cosine of 85° 0.819 

0.269 
Multiplyby 8.1416 

0.85 
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Multiply by square of lift 0.0626 

Second product 0.05 

Add first product , 1.80 

Area of opening, in square inches, 
in lifting clear of seat 1.85 

Next calculate the amount of opening 
due to the lift above the seat, which in 
this case is -£ of an inch : 

Lift 0.125 

Multiply by 3.1416 

0.3927 
Multiply by diameter of valve 4 

Area of opening due to lift above 

seat, in square inches 1.57 

Add opening due to lifting clear of seat 1 .85 

Total area of opening, in square 
inches 3.42 

The most usual bevel for valves is an 
angle of 45°, and 30° is also frequently 
adopted. As a matter of convenience, 
the rules have been somewhat simplified 
for these cases. 

To find area of opening for a lift less 
than depth of seat, when the bevel of the 
valve is 45 degrees. 
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1. Multiply the diameter of the valve 
by the lift, and by the number 2.22. 

2. Multiply the square of the lift by 
the number 1.11. 

Add these two products. 

Example. — What is the area of open- 
ing of a 2-inch valve, for £-inch lift ; 
depth of seat, J inch ; bevel of valve 45 
degrees? 

1. Opening in lifting clear of seat, £ 
inch=0.25 inch: 

(1). 2 x 2.22 xi— 1.11. 

(2). 0.25x0.25x1.11—0.07. 

Adding the products (1) and (2) 

1.114-0.07—1.18 square inches in lifting 
clear of seat. 

2. Opening for lifting above seat, i 
inch: 

3.1416 x i x 2—1.57 square inches, in lift- 
ing above seat. 

1.57 + 1.18 — 2.75 square inches— total 
area of opening. 

To find area of opening for a lift less 
than depth of seal, when the bevel of the 
valve is 30°. 
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1. Multiply the diameter of the valve 
by the lift, and by the number 1.57. 

2. Multiply the square of the lift by 
the number 0.68. 

3. Add the two products. 
Example. — A 4-inch valve has a bevel 

of 30°, and the depth of seat is J inch. 
What is the area of opening for a lift of 
3-16=0.1875 of an inch? 

(1). 4X0.1875X1.57=1.18 
(2.) 0.1875 X 0.1875 X 0.68 = 0.035 X 
0.68=0.02 

(3). 1.18 + 0.02 = 1.2 square inches= 
area of opening. 

The analytical expressions for the pre- 
ceding rules are given below, together 
with the values of the sines and cosines 
of angles from 20° to 50°. 

Let 

Z>=diameter of valve in inches. 

?=lift " " 

a = angle of bevel. 

d= depth of seat, in inches 

.4= area of opening, in square inches. 

1. When there is no bevel : 
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A = 3.UWxlxD 

2. Beveled valve, lift less than depth of 
seat. 

-4=3.1416X[£>XJXsin a + PX(sin a) % 

Xcos a] 

3. Beveled valve, lift greater than 
depth of seat. 

-4=3.1416 x[DXdX sin a + d*X (sin a) % 
Xcosa+Z>X(Z— d)] 

4. Bevel of 45°, lift less than depth of 
seat : 

^=2.22X^>X/+1.11XP 

5. Bevel o/45°, lift greater than depth 
of seat. 

A=2.22Xl>xd+l.llxcF + S.UiexD 

X{l—d) 

6. Bevel of 30°> lift less than depth cf 

seat : 

A=l.5lXJ>Xl+0.6SXr 

7. Bevel 0/80°, lift greater than depth 
of seat : 

A = l.5 , 7Xl>Xd-h0.e8Xd i + S.UiexD 

x(l—d) 
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Angle. 


Sine. 


Cosine. 


Angle. 


Sine. 


Cosine. 


20° 


.342 


.940 


86° 


.588 


.809 


21° 


.358 


.934 


37° 


.602 


.799 


22° 


.375 


.927 


38° 


.616 


.788 


23° 


.391 


.921 


39° 


.629 


.777 


24° 


.407 


.914 


40° 


.643 


.766 


25° 


.423 


.906 


41° 


.656 


.755 


26° 


.438 


.899 


42° 


.669 


.748 


27° 


.454 


.891 


43° 


.682 


:731 


28° 


.469 


.883 


44° 


.695 


.719 


29° 


.485 


.875 


45° 


.707 


.707 


80° 


.500 


.866 


46° 


.719 


.695 


81° 


.515 


.857 


47° 


.731 


.682 


82° 


.530 


.848 


48° 


.743 


.669 


83° 


.545 


.839 


49° 


.755 


.656 


84° 


.559 


.829 


50° 


.766 


.643 


85° 


.574 


.819 









It will now be necessary to find the 
velocity with which steam escapes 
through the opening afforded by a 
valve. Professor Rankine determined 
that the number of pounds of steam 
that will flow through an orifice having 
an area of one square inch, into the at- 
mosphere, in a second, is one-seventieth 
of the absolute pressure of the steam ; 
and this result has been confirmed by 
the experiments of Mr. Napier. It 
should be remarked that this rule is only 
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approximate, as the constants vary 
slightly for different pressures of steam, 
but it is sufficiently accurate for practi- 
cal purposes. The absolute pressure of 
steam is the pressure as shown by a steam 
gauge, increased by the pressure of the 
atmosphere, which is, on an average, 
14.7 pounds per square inch. JErom these 
principles, a rule can be constructed for 
the area of opening required in any given 
case. 

Multiply the absolute pressure of steam 
in the boiler by the number 51.43, and 
divide the number of pounds of water 
evaporated per hour by this product. 

Example. — Suppose that a boiler evapo- 
rates 2,000 pounds of water per hour, what 
should be the area of opening afforded 
by the safety-valve, so that the pressure 
shall not exceed 100 pounds per square 
inch? 

Pressure by gauge 100.0 lbs. 

Add 14.7 

Absolute pressure 114.7 lbs. 

Multiplyby 51.43 

5,899+ 
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2,000— 5, 899= 0.339+ = area of opening 
in square inches. Knowing the area of 
opening required, if the lift is fixed, the 
diameter of the valve that will furnish 
the requisite opening with the given lift 
can be calculated. There are three gen- 
eral cases for which rules will be given : 

1st. W lien the valve has no bevel — 
Multiply the lift of the valve by the 
number 3.1416, and divide the area of 
opening by this product. 

Example — A safety valve is required 
to have one inch area of opening, with a 
lift of i inch. What should be its di- 
ameter? 

Lift 0.25in. 

Multiply by 3.1416 

0.7864 
0.7854) 1.0000 

Diameter of valve 1.27+inches. 

2d. When the valve is beveled, and the 
lift is less than the depth of seat: 

1. Multiply the square of the lift by 
the square of the sine of the angle of in- 
clination, by the cosine of this angle, and 
by the number 3.1416. 
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2. Multiply the lift by the sine of the 
angle of inclination, and by the number 
3.1416. 

3. Subtract the first product from the 
area of opening, and divide the differ- 
ence by the second product. 

Example — A safety valve has a bevel 
of 32°, and the depth of seat is £ inch. 
It is to lift f of an inch, and give an 
opening of l£ square inches. What 
should be its diameter ! 

Square of lift 0.141 

Square of sine of 32° 0.281 

Their product 0. 04 

Cosine of 82° 0. 848 

Product of last two 0.084 

Multiply by 3.1416 

And we have 0.107 

Area of opening 1.500 

Subtract 0. 107 

1.893 

Lift... 0.875 

Sineof82° 0.58 

Their product 0.109 
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Multiply by 8.1416 



And we have 0.635 

Dividing 1.398 by 0.625 we have 
Diameter of valve— 2.23+inches. 

3d. When the valve is beveled, and the 
lift is greater than the depth of seat : 

1. Multiply the square of the depth of 
seat by the square of the sine of the 
angle of inclination, by the cosine of the 
angle, and by the number 3.1416. 

2. Multiply the depth of seat by the 
sine of the angle of inclination, and by 
the number 3.1416. 

3. Multiply the difference between the 
lift and depth of seat by the number 
3.1416. 

4. Subtract the first product from the 
area of opening, and divide the differ- 
ence by the sum of the second and third 
products. 

Example — A safety valve has a bevel 
of 33°, a depth of seat of J inch, and is 
required to give an area of opening of 2 
inches, with a lift of £ inch. What should 
be its diameter? 
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Square of depth of seat 0.0625 

Square of sine of 33° 0.297 

Product 0.019 

Cosine of 33° 0.839 

Product 0.016 

Multiply by 8.1416 

Area of opening 2.00 in 

Subtract 0.05 

Difference is 1.95 

Depth of seat 0.25 

Sine of 33° 0. 545 

Their product. 0.136 

Multiply by 3.1416 

And we have 0.427 

Lift 0.50 

Subtract depth of seat 0.25 

The difference is 0.25 

Multiply by 3.1416 

And the product is 0.785 

Add 0. 427 

1.212 

Now 1.95 divided by 1.212 gives the 
diameter of valve=1.61 inches, nearly. 
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It may be useful to give a summary of 
the foregoing rules. 

To find the proper diameter for a safety- 
valve: 

1. The number of pounds of water 
evaporated per hour is equal to the area 
of the grate in square feet multiplied by, 

135 -i ^ or stat i° nar y an d marine 
' ( boilers with natural draft ; 

210 i ^ 0r 8tat i° na, T rod marine 
* ( boilers with forced draft ; 
600 . For locomotive boilers. 

2. Find the area of opening required 
to discharge this weight of steam per 
hour, the pressure of steam being given. 

3. Find the diameter of a valve that 
will afford the required opening, with a 
given lift. 

Example. — A stationary boiler with 
natural draft has 36 square feet of grate 
surface, and the pressure of steam is 90 
pounds. What should be the diameter 
Of the safety-valve, the valve to have a 
bevel of 45°. a depth of seat of f of an 
inch, and to lift £ inch ? 



* 
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Grate surf ace 3.6 

Multiply by 135 



Pounds of water evaporated per hour . 4,860 

Steam pressure, per gauge 90 

Add 14.7 



Total pressure 104.7 

Multiply by 51.43 



5,384.7 

4,860+5,3847 
Gives area of opening in square inches— 0.903 

Squareoflift 0.0625 

Square of sine of 45° 0.5 

Their product « 0.031 

Multiply by cosine of 45° 0.707 

And we have 0.022 

Which, multiplied by 8.1416 

Gives 0.069 

Area of opening 0.903 

Subtract 0. 069 

The difference is 0.83 

Lift 0.25 

Multiply by sine of 45° 0.707 

Product 0.177 

Multiplyby 3.1416 

Product 0.556 
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0.834-7-0.556 = 1.5 inches = diameter of 
valve. 
The algebraic expressions for'the pre- 
ceding rales are as follows : 

Let 
D= diameter of valve, in inches. 

Z=lift " 

a = angle of bevel. 

d= depth of seat, in inches. 

.4= area of opening in square inches. 

TP=pounds of steam to be discharged 
through the safety-valve per hour. 

P=pressure of steam, in pounds per 
square inch, as shown by gauge. 

p= absolute pressure of steam, in 
pounds per square inch. 

p=P + U.l 

W 

A= 

51.43 Xp 

1. When the valve has no bevel: 

A 

D= 

3.1416XJ 

2. When the valve is beveled, and the 
lift is less than the depth of seat: 
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A— 3.1416 X /•x (sin a) 1 X cos a 

2>= 

3.1416X/Xsin« 

3. When the valve is leveled, and the 
lift is greater than the depth of seat: 

A— 3.1416 XePx (sin a)* X cos a 
D= 

3.1416 X (dx sin a+Z— d) 

4. When the bevel of the valve is 45°, 
and the lift is less than the depth of seat: 

A-l.llxl 



D= 



2.22 Xl 



5. When the level of the valve is 45°, 
and the lift is greater t/ian the depth of 

seat: 

A-l.WxcT 
D= 

2.22Xtf+3.1416X(J— d) 

6. When the level of the valve is 30°, 
and the lift is less than the depth of seat: 

A— 0.68 xF 

D= 

1.57XJ 

7. When the level of the valve is 30°, 



15 

and the lift is greater than the depth of 

seat: 

A-0.68X(P 

D= 

1.57 Xd+ 3.1416 X{lr—d) 

It would be a good plan for those who 
have charge of steam boilers to experi- 
ment with the safety-valves, and see 
whether they conform to these rules. It 
will be easy to measure the lift of a 
valve, when it opens under the highest 
pressure of steam that is to be carried 
on the boiler to which it is attached, 
and the other data needed can be readily 
ascertained. To determine the bevel of 
a valve, measure its greatest and least 
diameters, together with the depth of 
seat. Then divide half the difference 
between the diameters by the depth of 
seat, and the quotient is the tangent of 
the angle of inclination. The algebraic 
expression is as follows : 

Let 

T— greatest diameter of valve, in inches. 
* — least " " " 

d — depth " " " 
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a — i angle of inclination. 
T— t 

tana = 

2d 

The tangents of angles from 20° to 
50° are given in the accompanying table, 
and it will be sufficiently accurate in any 
example to take the angle corresponding 
to the number in the table that is near- 
est to the calculated quotient. 

Example. — The greatest and least 
diameter of a valve are 4 6-10 and 4 
inches, respectively, and the depth is £ 
inch. What is the bevel ? 

Greatest diameter 46 

Least " 4. 

2)0.6 

0.5)03 

Tangent of angle of inclination 0.6 

From the table it appears that the 
angle corresponding to this is nearly 31°. 
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Tabie of Tangent* from 20 to 60 Degree*. 



Angle. 


Tangent. 


Angle. 


Tangent. 


20° 


.864 


36° 


.727 


21° 


.884 


37° 


.754 


22° 


.404 


38° 


.781 


23° 


424 


89° 


.810 


24° 


.445 


40° 


.839 


25° 


.466 


41° 


.869 


26° 


.488 


42° 


.900 


27° 


.510 


43° 


.933 


28° 


.532 


44° 


.966 


29° 


.554 


45° 


1.000 


80° 


.577 


46° 


1.036 


81° 


.601 


47° 


1.072 


82° 


.625 


48° 


1.111 


83° 


.649 


49° 


1.150 


84° 


.675 


50° 


1.192 


85° 


.700 







IV. Proper Form for a Safety- Valve 
in order that it shall have a 
Given Lift. 

When a safety-valve is raised by the 
pressure of the steam in a boiler it usu- 
ally exposes a greater area to the press- 
ure. Hence, if the valve were loaded 
with a weight it might be expected that 
it would open wide at once from the un- 
balanced pressure due to the action of 
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the steam on the increased area. It is 
fonnd in practice, however, that the 
ordinary safety-valve only rises very 
slightly when the pressure for which it 
is set is reached, and that it is necessary 
for this pressure to be increased consider- 
ably to raise the valve much higher. In 
a previous part of this paper it was stated 
that as soon as a safety-valve was opened 
a new set of conditions was to be con- 
sidered. With the opening of the valve, 
steam begins to escape from the boiler 
with a high velocity, and in its escape it 
has to overcome the resistance afforded 
by the opening. In* this way its pressure 
is reduced, nea? the orifice, so that, 
although there is a greater area of valve 
to be acted on by the steam, the pressure 
is reduced. How much the pressure will 
be reduced in any given case can only be 
determined by experiment, since the data 
for a theoretical calculation cannot be 
given. Some experiments made in Eng- 
land showed that in the case of a three- 
inch valve, relieving a boiler at a pressure 
of 100 pounds per square inch, the 
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pressure under the valve was 25 pounds 
per square inch. It is probable that the 
pressure under a valve, when opened, 
will vary with the form of valve and the 
pressure in the boiler, as a change in the 
valve may vary the resistance opposed to 
the escape of steam, and a change of 
steam pressure effects a corresponding 
change in the velocity with which the 
steam issues from the orifice. 

In the case of a safety-valve kept 
down by a spring, it must be evident 
that unless arrangements are made for 
increasing the upward pressure, when 
the valve is opened it will lift but 
slightly, since every increase of lift re- 
quires additional force for the extension 
or compression of the spring. But in 
whatever manner the valve is loaded, it 
would seem that the first step in pro- 
portioning it would be to find what 
pressure is acting when the valve is 
opened. It will then be possible, know- 
ing the resistance that must be overcome 
to give the desired lift, to afford such an 
increase of area in the open valve that 



80 

the steam "pressure will balance the re- 
sistance. It must be remembered in this 
connection, that it is desirable to hare 
the valve close promptly as soon as the 
pressure is reduced, and unless some 
special provision is made for this, the 
valve, though it may open wide from the 
pressure due to the increased area, will 
be prevented, from the same cause, from 
closing until the pressure is greatly re- 
duced. As before remarked, experiment 
is necessary in order to give data by 
which the desired results can be effected, 
and experiments in this direction have 
not been sufficiently extended to enable 
general rules to be deduced. It may be 
interesting and instructive, however, to 
call attention to examples of valves that 
give good results in practice, and ex- 
plain, as far as possible, the principles 
on which they act. It is not considered 
necessary to illustrate all the safety- 
valves in the market, but only such 
prominent ones as embody distinct prin- 
ciples. And first it may be well to give 
the results of some experiments made by 
a commission appointed by Congress to 
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examine life-saving inventions, in 1868. 
This commission received 14 safety- 
valves for examination, and tested them 
by attaching them to a steam boiler and 
observing their action. It is reasonable 
to suppose that the valves offered for 
competition represented the most prom- 
inent and successf ul ones in the market ; 
but it will be seen that many of them 
were far from fulfilling all the conditions 
required of a good safety-valve. The 
accompanying table gives the essential 
features of the test, the different valves 
being represented by numbers. 



Valve. 



No. 1. 

No. 2. 
No. 3. 



No. 4. ■{ 



Locked 

or 
Open. 


c3 o 

107 


Blew off 
at 


Open. 


115 


Locked. 


107 


117 


Open. 


53 


59 


Locked. 


53 


60 


Open. 


40 


58 


Open. 


45 


49 


Open. 


45 


46 


Locked. 


45 


45 



Closed at 



106 
114 
58 
57 
52 
25 or 24, 
but continu- 
ed blowing, 
until shut 
off by hand. 
35 
85 
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Valve. 



No. 5. j 



No. 6. 



No. 7. i 



No. 11 



Locked 


* 6 


or 


d*» 


Open. 


0? 4-> 

42 


Open. 


Open. 


82 


Locked. 


82 


Open. 


35 


Open. 


90 


Locked. 


90 


Open. 


50 


Open. 


50 


Locked. 


50 


Open. 


50 


Locked. 


42 


Open. 


103 


Locked. 


103 


Open. 


75 


Locked. 


75 


Open. 


100 


Locked. 


100 



Blew off 
at 



50 

91 

91 
45, began 
to blow a 
little, but 
was shut 
off at 54, 
not having 

blown 
freely, ev 
en at that 
point. 

93 



90 
50 
50 
50 
60 
45 
106 
106 
80 
80 
99 



Closed at 



50 
89 
89 



98 



74, and did 
not cease 
blowing. 

85 

45 

46 

46 

50 

38 

92 

97 

74 

73 
Failed to 
close, shut 
off af 85. 
95, leaking 
badly. 
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Valve. 



f 



No. 12 <( 

No. 13 

No. 14 1 



Locked 

or 
Open. 


130 


Blew off 
at 


Open. 


133 


Locked. 


130 


136 


Locked. 

Open.' 

Locked. 

Open. 

Locked. 


135 

136 

13« 

80 

30 


137 

137 

136 

81 

81 



Closed at 



Shut off at 
114 
Shut off at 
115. 
121 
138 
137 
80 
30* 



In some experiments made by the 
Academy of Sciences, in France, and the 
Franklin Institute in this country, a valve 
of the form shown in Fig. 12 was em- 
ployed. It will be apparent that as soon 
as the valve is raised a little, the weights 
will move on the lever, causing the valve 
to open wide at once. A valve of this 
kind, however, is not suitable for general 
practice, since a sudden opening to the 
full capacity is apt to empty the boiler 
of both steam and water, and, moreover, 
there is no provision made for the auto- 
matic closing of the valve by a slight re- 
duction of the pressure. 



An ordinary valve, if not kept con- 
stantly in nee frequently sticks fast to 
the seat, ao that the pressure must be 
raised beyond the point for which it is 
Bet before it will open. The friction of 
the joints on the lever also frequently 
increases the resistance to opening very 
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considerably. A valve called by the in- 
ventor the "positive safety-valve" is 
sketched in Fig. 13. The seat is spheri- 
cal, and the weight is within the boiler, 




"a is 
a tulfe on the end of the valve-stem ex- 
tending down into'the water. There are 
no joints to cause friction in the valve, 
and the motion of the water produces a 
movement in the valve, so that it is con- 
tinually changing its position on the 
seat, and is not liable to stick. By a 
proper proportion of seat it is possible to 
expose enough additional area of valve, 
when opened, to give any desired lift. 
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Instead of pin connections for the 
levers of safety-valves, it is common to 
make the levers turn on knife edges, 
thus reducing the friction. In the case 
of valves loaded by springs, it has been 
mentioned that every increase of lift re- 
quires an increase of force to overcome 
the resistance of the spring. In Naylor'g 
"compensating safety-valve," Fig. 14, 
the spring is attached to the point A of 
the bent lever, so that as the lift of the 
valve increases, the lever arm of the re- 
sistance diminishes, which has the same 
effect as increasing the pressure on the 
valve. 
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An arrangement for giving a large 
opening with a comparatively small lift, 
by having a double-seated valve, has 
been proposed. A sketch of the plan is 
shown in Fig. 15,-4 and B being the 



two seats. It is found difficult, how- 
ever, to keep such a valve tight. 

Mr. Thomas Adams, of Scotland, con- 
structs a valve with a projecting lip, A, 
Fig. 18. By applying steam gauges at 
the points shown on the sketch, he ob- 
served that they gave the indicated 
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readings at the time the valve opened, 
and that then the pressures began to 
lower, around the valve first, and lastly 
in the boiler, when the valve suddenly 
closed. He proportions a 3-inch valve 
for 100 pounds pressure to have a lift of 
five-sixteenths of an inch. Finding by 
experiment that the spring used requires 
a load of 138 pounds to compress it this 
amount, he makes the area of the lip 
sufficient to produce this load when 
acted upon by steam having a pressure 
of 25 pounds per square inch. All good 
safety-valves must be proportioned some- 
what after this manner. It is better to 
make the direct experiment with steam 
gauges for any particular case, as Mr. 
Adams has done ; but if this is not con- 
venient, different forms of valves must 
be tried, until the right proportions of 
the parts are determined. 

There are several valves made on the 
same general principle as that just de- 
scribed. The Richardson valve, Fig. 17, 
is very well known, and largely used in 
this country. The valve has a curved 
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Up, A, and there is a recess, B, surround- 
ing the seat. It is claimed by the inven- 
tor that the recoil of the escaping steam 
produced by this arrangement gives a 
higher lift to the valve. Some experi- 
ments were made with this valve by or- 




der of the Navy Department, in 1873. 
The boiler to which it was attached was 
first fitted with a common valve 4 inches 
in diameter, which let the steam pressure 
increase in 4 minutes 5 pounds beyond 
the point for which it was set, when the 
furnace doors were closed, and a 3-inch 
common valve allowed the pressure to 
increase 9 pounds in 6 minutes, under 
the same circumstances. A Richardson 
valve, 3 inches in diameter, being at- 
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tached, the pressure could not be in- 
creased beyond the point for which .the 
valve was set, and it closed promptly on 
a slight reduction of the steam pressure. 
The common safety-valve being set to 
open at different pressures gave the same 
amount of lift in each case, as far as 
could be observed, while the Richardson 
valve gave an increased lift for each in- 
crease of pressure at which it was set. 

A competitive trial of safety-valves 
was recently conducted in England, for 
a prize of $500 offered by the Editor of 
the Nautical Magazine. A sketch of 
the Rochford valve, to which the prize 
was awarded, is shown in Fig. 18. It 
will be seen that it has a projecting lip, 
A 9 and the spring is enclosed in a case, 
B 9 which can be filled with oil if desired, 
for the preservation of the spring. In 
the trial the valve was attached to a 
Lancashire boiler, 33 feet long, 1 feet 2 
inches in diameter, flues 2 feet 8 inches 
in diameter, grate surface 30 square feet; 
being set to blow off at 60 pounds, the 
pressure could not be increased beyond 
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63} pounds by the most severe firing, 
and when it fell to 60 pounds, the valve 
closed promptly. 

Instead of having a projecting lip on 
the valve, a piston is sometimes attached 
to it, which is exposed to the action of 
steam at rest. The Rochow valve, Fig. 
19, furnishes a good illustration of this 
principle. A piston, A, is attached by a 
stem to the valve, and the tube in which 
it works is extended into the boiler by a 
pipe, 9 so as to be acted upon by quies- 
cent steam. A ring, B, nearly closes the 
orifice by which steam is admitted to the 
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Fig i d 
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valve proper, when it is seated ; and as 
the valve rises, the ring opens the orifice 
more and more. From this description 
it will be evident that when the valve 
rises a little, the pressure above the pis- 
ton will be reduced, and consequently 
there will be an unbalanced pressure on 
the under side of the piston to raise the 
valve higher, and by giving a proper 
proportion to this piston any required 
lift can be obtained. In the form repre- 
sented in the sketch, the valve is ar- 
ranged to be loaded with a weight, and 
there is a stop at D to check the valve 
when it has lifted high enough. The 
piston and ring do not work steam tight, 
but are fitted loosely, so that they can 
move without friction. 

In these illustrations, while only a few 
of the most prominent valves have been 
noticed, it is believed that no important 
principle of construction has been over- 
looked. It is a matter of regret that 
more information cannot be given on this 
part of the subject, but, as before re- 
marked, the record of experiments from 
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Vhich general rules can be deduced is 
very slight. Enough has been said, how- 
ever, to show that there are good safety 
valves in the market. 

There is one experiment that everyone 
who uses a safety valve can make, to see 
whether he has a valve that is propor- 
tioned to give the proper lift. Let him 
secure a cord to the lever or stem of the 
valve, so that it can be opened by hand 
if necessary. (Indeed, it may be said, in 
passing, that some convenient arrange- 
ment should alwaysbe fitted for opening 
the valve by hand, and it should be used 
at least once a day, to keep the valve in 
working order.) Then, by shutting off 
steam from the engine or wherever else 
it is used, and making up a good fire in 
the boiler, he can determine in a very 
short time whether or not he has a safety 
valve ; and if it will not relieve the 
boiler automatically it will be easy to 
give a larger opening by hand, so that 
the experiment will not be attended with 
danger. This simple experiment is earn- 
estly recommended to every steam user, 
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for with a good safety-valve in working 
order the chances of a disastrous boiler 
explosion are greatly diminished. 

V. The Relative Merits op Valves. 
Loaded with Weights and Springs. 

The best manner of loading a safety- 
valve has been the subject of animated 
discussion among engineers. The opin- 
ion of the majority can be summed up as 
follows : 

Safety-valves for the boilers of loco- 
motives and steamers, and in all cases in 
which they will be subjected to oscilla- 
tions and jars, should be loaded with 
springs. For stationary boilers, either 
weights or springs can be used at pleas- 
ure. In employing a spring it is gener- 
ally considered best to arrange it so that 
it shall be compressed, rather than ex- 
tended, when the valve is raised. 
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APPENDIX. 



The demonstrations of the rules given 
in a former part of this book, for finding 
the opening due to a given lift of a valve, 
when it does not rise clear of the seat, 
and for determining the area of opening 
necessary to discharge a given weight of 
steam of known pressure, are appended. 

a. — The area of opening of a valve with 
a beveled seat, for a lift A JB=l 9 Fig. 20, 
is the area of the frustum of a cone whose 
upper base A B = Z> 9 has the same di- 
ameter as the valve, and whose lower 
base, O D, measured from points, (7, Z>, 
where perpendiculars from A and B in- 
tersect the seat, is equal to 

,D+ CG+ JRD = D + 2 Off 

the slant height being A or JBD. The 



area of the surface is equal to the half 
Bum of the circumferences of the upper 
and lower bases multiplied by the slant 
height, or the area of opening due to the 

3.1*16(2 2*+ G) 

lift I = I-i x A a 

2 
The angle of bevel, A E C — a, and 
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the angle A G G is also equal a. From 
trigonometry, in the triangle A E (7, 

AG AG 
Sine a = = 

AE I 
A G = I X sine a. 

In the triangle A G G 9 

GG GG 

' Cosine a = = 

AG I X sine «. 

G G = I X sine a X cosine a 

Substituting these values in the pre- 
vious equation : 
Area of opening — 

3.1416 (2 B x 2 1 x sine a x cosine a) 

= X J x sine a 

2 
= 3. 1416 [Z> x I x sine a+Z 2 x (sine a) 2 x cosine d\ 

If a- 45 Q , 

Sine a = 0.707, cosine a = 0.707 

(Sine a) 9 = 0.5 

(Sine a) 9 X cos a = 0.3535 

Whence, area of opening — 

= 3.1416 (D X J X 0.707 + V X Q.3535) 
= 2.22 X & X 1+ 1.11 J 9 j 
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If a = 30°, 

Sine a = 0.5, cosine a = 0.866 

(Sine a) % = 0.25 

(Sine a)* X cos a = 0.2165. 

Area of opening — 

= 3.1416 (DX/X0.5+ V X 0.2165 
= 1.57 X &X I + 0.68 X I* 

b. — Let 

A =-- area of opening required to dis- 
charge W pounds of steam at the pressure 
P per hour. The quantity discharged 
by this opening per second will be, ap- 
proximately, 

PX A 
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Hence the quantity discharged per hour, 

PX A X 3600 



TP = 
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= 51.43 P X A 9 nearly, 

And — 

W 

A = 

51.43 X P 
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BURGH. Modern Marine Engineering, applied to 
Paddls and Screw Propulsion. Consisting of 36 
x>lored plates, 259 Practical Wood Cut Illustrations, 
and 403 pages ot descriptive matter, the whole being 
an exposition of the present practice of James 
Watt & Co., T & G Rennie, R. Napier & Sons, 
and other celebrated firms, by N. P. Burgh, Engi- 
neer, thick 4to, vol., doth, $25.00 ; half mor. ....... 30 00 

CHURCH. Notes of a Metallurgical Journey in Europe. 

By J. A. Church, Engineer of Mines, 8vo, cloth,. ... a 00 
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D. VAN NOSTRANiyS PUBLICATIONS. 



BOCJRNE. Treatise on the Steam Engine in its variom 
applications to Mines, Mills, Steam Navigation, 
Railways, and Agriculture, with the theoretical in- 
vestiaations respecting the Motive Power of Heat, 
and the proper proportions of steam engines. Elabo- 
rate tables of the right dimensions of every part, and 
Practical Instructions for the manufacture and man- 
agement of every species of Engine in actual use. 
By John Bourne, being the ninth edition of " A 
Treatise on the Steam Engine," by the " Artizan 
Club." Illustrated by 38 plates and 546 wood cuts. 

4to, cloth **S °° 

STUART. The Naval Dry Docks of the United 
Sutes. By Charles B. Stuart late Engineer-in-Chief 
of the U. S. Navy. Illustrated with 34 engravings 

on steel Fourth edition, cloth 6 °° 

ATKINSON. Practical Treatises on the Gases met 

with in Coal Mines. i8mo, boards 5° 

FOSTER. Submarine Blasting in Boston Harbor. 
Massachusetts. Removal of Tower and Corwra 
Rocks. By J. G. Foster, Lieut -CoL of Engineers, 
U. S. Army. Illustrated with seven plates, 4to, 

cloth ;- 3 5* 

BARNES Submarine Warfare, offensive and defensive, 
including a discussion of the offensive Torpedo Sys- 
tem, its effects upon Iron Clad Ship Systems and in- 
fluence upon future naval wars. By Lieut -Com- 
mander J. S. Barnes, U. S. N., with twenty htno- 

graphic plates and many wood cuts. 8vo, cloth 5 00 

HOLLKY. A Treatise on Ordnance and Armor, em- 
bracing descriptions, discussions, and professional 
opinions concerning the materials, fabrication, re- 
quirements, capabilities, and endurance of European 
and American Guns, for Naval, Sea Coast, and Iron 
Clad Warfare, and their Rifling, Projectiles, and 
Breech- Loading ; also, results of experiments against 
armor, from official records, with an appendix refer- 
ring to Gun Cotton, Hooped Guns, etc, etc By. 
Alexander L. Holley, B. P., 948 pages, 493 fngrav- 
ings, and 147 Tables of Results, etc., 8vo, half roan. 10 op 
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SIMMS. A Treatise on the Principles and Practice of 
Levelling, showing its application to purposes of 
Railway Engineering and the Construction of Roads, 
&c. By Frederick W. Simms, C. E. From the 5th 
London edition, revised and corrected, with the addi- 
tion of Mr. Laws's Practical Examples for setting 
out Railway Curves. Illustrated with three Litho- 
graphic plates and numerous wood cuts. 8vo, cloth. $a 50 

BURT. Key to the Solar Compass, and Surveyor's 
Companion ; comprising all the rules necessary for 
use in the field ; also description of the Linear Sur- 
veys and Public Land System of the United States, 
Notes on the Barometer, suggestions for an outfit for 
a survey of four months, etc- By W. A . Burt, U. S. 
Deputy Surveyor. Second edition* Pocket book 
form, tuck a 50 

THE PLANE TABLE. Its uses in Topographical 
Surveying, from the Papers of the U. 8. Coast Sur- 
vey. Illustrated, 8vo, cloth 2 co 

" This worK gives a description of tbe Plane Table, employed at the 
U. S. Coast Smrvey office, and the manner of using It." 

JEFFER'S. Nautical Surveying. By W. N. Jeffers, 
Captain U. S. Navy. Illustrated with 9 copperplates 
and 3 1 wood cut illustrations. 8vo, cloth. 5 00 

CHAUVENET. # New method of correcting Lunar Dis- 
tances, and improved method of Finding the error 
and rate of a chronometer, by equal altitudes. By 
» W. Chauvenet, LL.D. 8vo, cloth a 00 

BRUNNOW. Spherical Astronomy. By F. Brunnow, 
^h. Dr. Translated by the author from the second 
German edition. 8vo, cloth 6 jo 

PEIRCE. System of Analytic Mechanics. By Ben- 
jamin Peirce. 4to, cloth 1000 

COFFIN. Navigation and Nautical Astronomy. Pre- 
pared for the use of the U. S. Naval Academy. By 
Prof. J. H. C. Coffin. Fifth edition. 5a wood cut illus- 
trations. iamo, cloth • • 3 50 
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CLARK. Theoretical Navigation and Nautical Astron- 
omy. By Lieut Lewis Clark, U. S. N. Illustrated 
with 41 wood cuts. 8vo, cloth $3 •» 

HAS KINS. The Galvanometer and its Uses. A Man- 
ual for Electricians and Students. By C. H. Has- 
kins. x imo, pocket form, morocco. (In press). ..... 

GOUGE. New System of Ventilation, which has been 
thoroughly tested, under the patronage of many dis- 
tinguished persons. By Henry A. Gouge. With 
many illustrations. 8vo, £loth a 00 

BECK WITH. Observations on the Materials and 
Manufacture of Terra-Cotta, Stone Ware, Fire Brick, 
Porcelain and Encaustic Tiles, with remarks on the 
products exhibited at the London International Exhi- 
bition, 1871., By Arthur tieckwith, C. E 8vo, 
paper *. 60 

MORFIT. A Practical Treatise on Pure Fertilizers, and 
the chemical conversion of Rock Guano, Marlstones, 
Coprolites. and the Crude Phosphates of Lime and 
Alumina generally, into various valuable products. 
By Campbell Mornt, M.D., with 38 illustrative plates, 
8vo, cloth so so 

BARNARD. Tne Metric System of Weights and 
Measures. An address delivered before the convoca- 
tion of the University of the State of New York, at 
Albany, August, 1871. By F. A. P. Barnard, LL.D., 
President of Columbia College, New York. Second 
edition from the revised edition, printed for the Trus- 
tees of Columbia College. Tinted paper, 8vo, cloth 3 00 

!■■ Report on Machinery and Processes on the In- 
dustrial Arts and Apparatus of the Exact Sciences. 
By F. A. P. Barnard, LLD. Paris Universal Ex- 
position, 1867. Illustrated, 8vo, cloth. 50c 

ALLAN. Theorjr of Arches. By Prof. W. Aflan. for- 
merly of Washington & Lee University, i8mo, Vrds 50 
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MYER. Manual of Signals, for the use of Signal officers 
in the Field, and for Military and Naval Students, 
Military Schools, etc A new edition enlarged and 
illustrated By Brig- General Albert J. Myer, Chief 
Signal Officer of the army, Colonel of the Signal 
Corps during the War of the Rebellion. i2mo, 48 
plates, full Roan $5 00 

WILLIAMSON. Practical Tables in Meteorology and, 
Hypsometry, in connection with the use of the Bar- 
ometer. By CoL R. S. Williamson, U. S. A. 4to, 
cloth a 50 

CLEVENGER. A Treatise on the Method of Govern- 
ment Surveying, as prescribed by the U. S. Congress 
and Commissioner of the General Land Office, with 
complete Mathematical, Astronomical and Practical 
Instructions for the Use of the United States Sur- 
veyors in the Field. By S. R. Qevenger, Pocket 
Book Form, Morocco a 50 

PICKERT AND METCALF. The Art of Graining. 
How Acquired and How Produced, with description 
of colors, and their application. By Charles Pickert 
and Abraham Metcalf. Beautifully illustrated with 
42 tinted plates of the various woods used in interior 
finishing. Tinted paper, 4to, cloth 10 00 

HUNT. Designs for the Gateways of the Southern En- 
trances to the Central Park. By Richard M. Hunt 
With a description of the designs. 4to. cloth 5 00 

LAZELLE. One Law in Nature. By Capt. H. M. 
Lazelle, U. & A. A new Corpuscular Theory, com- 
prehending Unity of Force, Identity of Matter, and 
its Multiple Atom Constitution, applied to the Physi- 
cal Affections or Modes of Energy, iamo, cloth. . . 1 50 

CORFIELD. Water and Water Supply. By W. H 
Corfield, M. A. M, D., Professor of Hygiene and 
Public Health at University College, London. z8mo, 
boards 



50 
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D. VAN NOSTBAOTJ'S PUBUCATTOir8. 

BOYNTON. History of West Point, its Military Im- 
portance during the American Revolution, and the 
Origin and History of the U. S. Military Academy. 
By Bvt Major C. £. Boynton, A.M., Adjutant of the 
Military Academy. Second edition^ 4x6 pp. 8vo, 
printed: on tinted paper, beautifully illustrated with 
36 maps and fine engravings, chiefly from photo- 
graphs taken on the spot by the author. Extra 
cloth $3 50 

WOOD. West Point Scrap Book, being a collection of 
Legends, Stories, Songs, etc, of the U. S. Military 
Academy. By Lieut O. E. Wood, U. S. A. Illus- 
trated by 69 engravings and a copperplate map. 
Beautifully printed on tinted paper. 8vo, cloth 5 oc 

WEST TOINT LIFE. A Poem read before the Dia- 
lectic Society of the United States Military Academy. 
Illustrated with Pen-and-ink Sketches. By a Cadet 
To which is added the song, " Benny Havens, oh 1" 
oblong 8vo, 21 full page illustrations, cloth. 3 50 

GUIDE TO WEST POINT and the U. S. Military 
Academy, with maps and engravings, x8mo, blue 
cloth, flexible 100 

HENRY. Military Record of Civilian Appointments in 
the United States Army By Guy V. Henry, Brevet 
Colonel and Captain First united States Artillery, 
Late Colonel and Brevet Brigadier General, United 
States Volunteers- Vol. 1 now ready. Vol a in 
press. 8vo, per volume, cloth 50* 

HAMERSLY. Records of Living Officers of the U. 
S. Navy and Marine Corps. Compiled from official 
sources. By Lewis B. Hamerslvj late Lieutenant 
U. S. Marine Corps. Revised edition, 8vo, cloth... 5 00 

MOORE. Portrait Gallery of the War. Civil. Military 
and Naval. A Biographical record, edited by Frank 
Moore. 60 fine portraits on steel. Royal 8vo, 
doth 6 c? 
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YAK NOSTBAND'S SCIENCE SERIES. 

No. 28.— ON TRANSMISSION OP POWER BY 
WIRE ROPE. By Albebt W. Stahl. 
Fully illustrated. 

No. 29.— INJECTORS ; THEIR THEORY AND 
USE. Translated from the French of 
M. Leon Pouchbt. Illustrated. 

Nol 80.— TERRESTRIAL MAGNETISM AND 
THE MAGNETISM OF IRON SHIPS. 
By Prof. Fairman Rogers. Illustrated. 

No. 31.— THE SANITARY CONDITION OF 
DWELLING HOUSES IN TOWN 
AND COUNTRY. By George E. 
Waring, Jr., Consulting Engineer for 
Sanitary and Agricultural Works. 

No 82.— CABLE MAKING FOR SUSPENSION 
BRIDGES, as exemplified in the Con- 
struction of the East River Bridge. By 

WlLHELM HlLDENBRAND, C. E. Fully 

illustrated. 

No 88.— MECHANICS OF VENTILATION. By 
George W. Rafter, Civil Engineer. 

No. 34.— FOUNDATIONS. By Pbof. Jules Gaud- 
abd, C. E. Translated from the 
French, by L. F. Vernon Harcourt, I 
M. I. C. E. 

No. 85.— THE ANEROID BAROMETER : Its Con- 
struction and Use. Compiled by Prof. G. 
W. Plympton. 2d Revised Edition. Blue. 

No. 36.— MATTER AND MOTION. By J. Clerk 
Maxwell. 

No. 37.— GEOGRAPHICAL SURVEYING : Its 
Uses, Methods and Results. By Frank 
De Yeaux Carpenter. 

No. 38. -MAXIMUM STRESSES IN FRAMED 
BRIDGES. By Prof. Wm.' Cain. Illus- 
trated. 

No. 39 -A HAND-BOOK OF THE ELECTRO- 
MAGNETIC TELEGRAPH. By A. E. 
Loring, a Practical Telegrapher. Illus- 
trated. e * 
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